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ABSTRACT 

We present deep Keck/LRIS spectroscopy and HST/WFC3 imaging in the rest-frame optical for a 
sample of eight galaxies at z ~ 1.5 with high photometrically-determined stellar masses. The data 
are combined with VLT/XShooter spectra of five galaxies from van de Sande et al. (2011, 2012 to 
be submitted). We find that these thirteen galaxies have high velocity dispersions, with a median of 
a = 301 km s -1 . This high value is consistent with their relatively high stellar masses and compact 
sizes. We study their stellar populations using the strength of Balmer absorption lines, which are not 
sensitive to dust absorption. We find a large range in Balmer absorption strength, with many galaxies 
showing very strong lines indicating young ages. The median HSa equivalent width, determined 
directly or inferred from the H10 line, is 5.4 A, indicating a luminosity- weighted age of ~ 1 Gyr. 
Although this value may be biased towards higher values because of selection effects, high-dispersion 
galaxies with such young ages are extremely rare in the local Universe. Interestingly we do not find 
a simple correlation with rest-frame U — V color: some of the reddest galaxies have very strong 
Balmer absorption lines. These results demonstrate that many high-dispersion galaxies at z ~ 1.5 
were quenched recently. This implies that there must be a population of star-forming progenitors at 
z ~ 2 with high velocity dispersions or linewidths, which are notoriously absent from CO /Ha selected 
surveys. 



1. INTRODUCTION 

In the local universe, massive galaxies are primarily 
ellipticals with little ongoing star-formation and red col- 
ors. Recent surveys have identified plausible progenitors 
of these galaxies at redshifts z = 1 — 2, finding that 
they have small sizes for their mass (e.g. iDaddi et al 
lTruiillo et all 120061: iToft et al.l 120071 : IZirm et al 
van Dokkum et aL| l2008h . Furthermore, by us 
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ing rest -frame colors to i s olate the bluest dead galax- 
ies (e.g. iKriek et al.l 120101 : IWhitaker et~aT1l2012[ ). it ap- 
pears that a significant fraction of them have young ages. 
These blue galaxies may be similar to the well-known 
"E+A" galax ies found among low mass galaxies at lower 
redsh i ft (e.g. Dressier & Gunn 1983; Couch & Sh arpies 
119871: iZabludoff et al.l 119961 ). although IWhitaker et al. 
(|2012l ) note that the label "A galaxies" may be more ap- 
propriate at high redshift as they may lack an underlying 
old component. 

These results are quite exciting and suggest that 
at z ~ 1 — 2 we are beginning to see the build-up of 
the massive end of the red sequence. However, this 
conclusion is based on two main assumptions. First, the 
inclusion of these young galaxies in samples of massive 
galaxies depends on estimates of stellar mass. Such 
estimates suffer from systematic uncertainties such as 
the IMF and the contribution of thermally pulsating 
asymptotic giant b ranch (TPAGB) stars (e.g . iMarastonl 
[20051 : IKriek et al.l 1201(1 iZibetti et all 12013 ). Second, 
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especially at z > 1.5, the identification of galaxies as 
young and old, star-forming vs. quiescent is again based 
on the SED shapes, more specifically on the shape of 
the Balmer/4000 A break, which depends sensitively on 
proper treatment of dust reddening and thus is uncertain. 
Up t o now, very few direct measure ments of the ages 
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IToft et al l 120121 ) of massive 
galaxies exist at z > 1. 

With spectroscopic data, one can circumvent these un- 
certainties. Balmer absorption lines, which are promi- 
nent in the spectra of A stars and will only be present 
in a galaxy spectrum for ~ 1 Gyr after star formation 
has ceased, can be used a s luminosity-wei ghted age in- 
dicators. As an example, iLe Borgne et al.l (|2QQ6h iden- 
tified recently quenched H£-strong (HDS) galaxies at 
z ~ 1.2 in the Gemini Deep Deep Survey. These mea- 
surements are particularly valuable when combined with 
velocity dispersions, which provide a direct measure- 
ment of the depth of the potential well and can be com- 
bined with structural parameters to calculate dynamical 
(rather than photometric) masses. 

In this study, we present a sample of eight mas- 
sive galaxies with deep Keck I spectroscopy using the 
LRIS instrument (a n d five with X-Shooter spectra from 
Ivan de Sande et al.l ([201 lL 2012 to be submitted)) in 
combination with rest-frame optical imaging from WFC3 
and ACS on HST. Using this exceptional dataset, we are 
able to confirm that all of the galaxies in the sample have 
high velocity dispersions (and high dynamical masses). 
From this unique sample, we conclude that there is a 
significant population of recently quenched galaxies with 
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very high velocity dispersions at z ~ 1.5. 

2. DATA 

2.1. High-z Surveys & Target Selection 

For this project, a sample of massive, bright galax- 
ies was selected from the Newfirm Medium Band Survey 
(NMBS) and UKIDSS UDS fields. The NMBS catalogs 
include photometry in the COSMOS and AEGIS fields 
in a multitude of deep broadband and medium band op- 
tical and near-IR wavebands and includes medium band 
photometry in the near-IR to sample the Balmer/4000 A 
break in galaxies at these redshifts (IWhitaker et al.l 
l201lh . The UDS field (jWilliams et~aT1 l2QQ9f ) also pro- 
vides deep optical and near-IR photometry over a large 
0.77 deg 2 field. For both survey cat alogs, we use the 
EAzY software (jBrammer et al.l (20081) to calculate p ho- 
tometric redshifts and InterRest (jTavlor et al.l [2QQ9h to 
calculate rest-fr ame colors for all g alaxies in the fields. 
We use FAST (Kriek et al. 20091) t o est imate stellar 
masses, assuming Bruzual & Chariot (2003) (BC03) stel- 
lar population models and a[Chabrier (2003) Initial Mass 
Function (IMF). Primary targets were selected to have 
/ < 24.0 and logM* > 11. 

In Fig.Q] the properties of massive galaxies included in 
our three masks are shown as colored points along with 
galaxies with log M* > 11 and 1.2 < z < 1.6 in the 
NMBS COSMOS field. Following IWilliams et al.l (|2009h 
we discriminate between star-forming (blue points) and 
young/old quiescent (red points) galaxies using rest- 
frame U — V and V — J colors. Our sample spans a 
large range in /-band magnitudes and rest-frame U — V 
colors. However, as is usually the case with spectro- 
scopic samples, our sample is somewhat biased toward 
bright magnitudes and blue colors. This may imply that 
we are biased towards the inclusion of newly quenched 
galaxies, since the bluest, youngest galaxies will also be 
the brightest galaxies in the sample and therefore will 
have the highest S/N for a given exposure time. Fur- 
thermore, although we do not select explicitly for com- 
pactness, galaxies that have more concentrated light will 
also have higher S/N ratios. Because of this we may also 
have a bias toward smaller galaxies at fixed mass (see 
van de Sande et al, in preparation). 

2.2. Velocity Dispersions and B aimer Line Strengths 

Spectroscopic data were collected using LRIS on the 
Keck I telescope during two four-night runs in January 
and April, 2010. Observations were performed with the 
upgraded red arm using the 600 mm -1 grating. All 
observations consist of sequences of three dithered 15 
minute exposures, offset by 3" each. We observed galax- 
ies in four different slit masks, two in the COSMOS field 
(18 hours, 6.75 hours), one in the AEGIS field (15 hours) 
and one in the UDS field (10.5 hours). Reduction of the 
spectra was performed in IRAF following standa r d tech - 
niques, as described in Ivan Dokkum fc Stanford! (|20Q3[ ). 
No fringe correction was necessary due to t he reduced in- 
terfer ence fringing in the LBNL detectors (jRockosi et al.l 
l2010h . 

We measure velocit y dis persions using PPXF 
(jCappellari fc Emselleml l2004f h allowing the pro- 
gram to fit individual BC03 single stellar population 
(SSP) models with 8th-order additive and 3rd-order 



multiplicative polynomials. Best-fit broadened tem- 
plates (red) are plotted with galaxy spectra in Fig. O 
We estimate the measurement errors on the dispersion 
measurements by shuffling the residuals from the fits, 
adding them back to the template and allowing PPXF 
to refit the dispersion. We only include galaxies for 
which the measurement error is less than 10% of the 
measured velocity dispersion in the following analysis. 
We verify that velocity dispersion measurements are 
not strongly dependent on the choice of polynomials 
and are stable within the quoted error bars. Velocity 
dispersions are aperture corrected to r e /8 using the 
size measurements described in the following subsection 
and the prescription <jo = o- a p(S.Or ap /r e ) om6 , based 
on the dynamical mo deling of the SAURON sample 
(|Cappellari et al.ll2006l ). 

Traditio nally, K5a has been use d as a galaxy age indi- 
cator (e.g. iKauffmann et al.l 12003). However due to the 
redshifts of these galaxies and spectral coverage of LRIS, 
it is only available for the lowest redshift galaxies in this 
sample. Instead, we measure H10; defining bandpasses 
to measure a pseudocontinuum ([3780.0 — 3785.0 A] and 
[3810.0 - 3815.0 A]) and line ([3783.0 - 3813.0 A]) from 
all spectra, convolved to 300kms _1 . Template fluxes 
from the dynamical modeling are substituted for masked 
pixels and errors are estimated using 1000 bootstrap it- 
erations with shuffled residuals. We convert from H10 to 
Lick US a as follows. Using BC03 templates, also con- 
volved to a = 300 kins" 1 , we measure both H10 and 
H^a and find a tight correlation for templates older than 
~ 100 Myr. We fit the relation with a polynomial and 
calculate inferred He) a as: 

RS A = -16.37 + 10.45H10 - 1.44H10 2 + 0.08H10 3 . (1) 

We also measu re 3727 A Oi l emis sion using the band- 
passes defined bv lFisher et al.l (|1998l ) and estimate errors 
as described above. 

2.3. Structural Parameters 

Sizes of all galaxies in our sample are measured from 
Hubble Space Telescope (HST) imaging. For seven of the 
galaxies, we use F160W imaging from the WFC3 cam- 
era, sampling the rest-frame R band. Observations were 
conducted with a four point dither pattern, offset by half 
pixel increments. We interlace the flat-fielded frames to 
increase the resolution of the galaxy images and better 
sample the point-spread function (PSF), without intro- 
ducing smoothing inherent in drizzling. We use a sim- 
ilarly interlaced TinyTim PSF, initially oversampled by 
a factor of 10, shifted to reflect the dither pattern, in- 
terlaced in the same manner and finally binned to the 
resolution of the interlaced galaxy images. We extract 
postage stamps from the interlaced frames centered on 
each ga laxy, aggressively mask other objects using SEx- 
tractor ((Bertin fc Arnoutslll996r) segmentation maps and 
use Galfit (|Peng et al.ll2002l ) to fit Sersic profiles to the 
galaxy images. We verify that these measurements are 
quite consistent (with a scatter of 3%) with those made 
from the drizzled images produced by the HST pipeline 
and a nearby PSF star. 

For the single galaxy for which WFC3 imaging is not 
available we measure its size from ACS imaging and dis- 
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Fig. 1. — Properties of the massive z ~ 1.5 spectroscopic galaxy sample (colored symbols, crosses indicate insufficient spectroscopic S/N) 
and overall population of massive 1.2 < z < 1.6 galaxies in the NMBS COSMOS field (gray), (a) I magnitude vs. stellar mass sample 
selection, (b) rest-f rame U-V vs. V -J colors with black outlines highlighting the phase space location of young and old quiescent galaxies 
as defined in Whitaker et al. (2011). Six galaxies in the sample are red and dead, while two galaxies have ongoing star-formation; their red 
color can be attributed to dust. Triangles indicate van de Sande (2011, 2012 to be submitted) sample. 

tinguish this data point as an open circle in Figures [3] 
and H We use ACS imaging from the COSMOS team, 
cutting a postage stamp from the v. 1.3 ACS F814W mo- 
saic from lScoville et aLl(|2QQ7[ ) and using an isolated PSF 
star. We note that although the F814W is blueward of 
rest-frame optical for this galaxy, it is at the lowest red- 
shift of the sample and the bandpass effects should be 
minimal. 



3. THE EXTREME DYNAMICS AND STELLAR 
POPULATIONS OF Z ~ 1.5 MASSIVE GALAXIES 

3.1. High Velocity Dispersions and Masses 

As can be seen in Table 1, the galaxies have very high 
velocity dispersions; the median o~o for the complete sam- 
ple is 301 kms -1 . In the local Universe, such high disper- 
sions are rare, and typical of giant galaxies at the centers 
of groups or clusters such as NGC 4374, NGC 4472, and 
M87. This is demonstrated in the left panel of Fig. [3j 
where we show our sample with colored points and data 
from the SDSS in grey. The z ~ 1.5 galaxies fall on the 
high dispersion tail of the SDSS distribution. 

The high dispersions are fully consistent with the 
high stellar masses and small sizes of the galax- 
ies. This is shown explicitly in Fig. [3^, as we 
compare the measured velocity dispersions to the ve- 
locity dispersion inferred from the size, Sersic in- 
dex, and stellar mass, scaling by the average fac- 
tor between stell ar mass and struc t ural-corrected M^vn 
in the SDSS (|Frajrxe£^II [20081: ITavlor et alj 2009; 
Ivan de Sande et all 120111 : iBezanson et al.l l20lll 12012( 1. 
We calculate <Ji n f as: 
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0.557if v (n)r e ' 



73.32 



10.465 + (n-0.94) 2 



(2) 



0.954, (3) 



as derived bv iBertin et al.l (j2002[ ). This constant corre- 
sponds to velocity dispersions within r e /8. 

There is good agreement between inferred and mea- 
sured velocity dispersions, although there may be a small 
systematic offset. This may be caused by the fact that 
galaxies with extremely high v elocity dispersions ar e 
rare, locally and z ~ 1.5 (e.g. Bez anson et al.l l"2011[ ). 
Based on the steep high dispersion tail of the velocity 
dispersion function (VDF), galaxies with high <Ji n f are 
more likely to be scattered above the <7i n f — cro relation 
than to have intrinsically high cr . Therefore for a sam- 
ple of galaxies drawn from this distribution, the rela- 
tion will veer from one-to-one at high dispersions. We 
simulate this effect by selecting sa mples of galaxies uni- 
formly in <Ji n f from the local 3>(ao) (Be rnardi et al.l l2010) 
plus 0.06 dex scatter between <jo and <Ji n f. We include a 
polynomial fit to the resulting relation (red line) in Fig. 
[3^. Inferred dispersion remains a good predictor of mea- 
sured velocity dispersion for this sample, although the 
data suggest that the scatter may be higher at z ~ 1.5 
(|Bezanson et al.ll2011f ). 

For completeness, we directly compare stellar and dy- 
namical masses in Fig. [3]3. Dynamical masses were cal- 
culated for each galaxy from its si ze, velocity disper- 
sion and best-fit Sersic index (e.g. IBertin et al.l 2002; 



sion and best-nt bers ic index (e.g . [perti: 
ICappellari et al.l 120061 : ITavlor et aLll2010D : 



dyn 



K v (n)a 2 
G 



(4) 



The most massive galaxies in the sample lie directly on 
top of the local relation, while the lower mass galaxies 
lie closer to the one-to-one line. There is a hint that 
overall stellar masses are closer to dynamical masses at 
higher redshifts, increasing the ratio from a median of 
log(M*/M dyn ) = 0.27 dex locally to 0.09 dex at z ~ 1.5. 
However, the local stellar-to-dynamical mass relation ex- 
hibits a fair amount of scatter, and due to the biased 
nature of this sample of galaxies it is hard to disentangle 
whether this offset is due to evolution and/or selection 
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Fig. 2. — LRIS spectra with best-fit BC03 templates (red) and HST imaging for z ~ 1.5 massive galaxy sample. H10 bandpass labeled 
with blue band. Oil emission lines (grey), when present, are masked in dispersion fitting. Imaging Panels: left: Image, center: Best-fit 
Sersic model with r e ellipse (red) right: residual image. 
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TABLE 1 

Measurements for z ~ 1.5 massive galaxy sample with LRIS spectroscopy. 



ID 






n 


b/a 




C^inf 


Corneas 


cro 


M dyn 


H10 


on 






[kpc] 






[M ] 


[kms -1 ] 


[kms -1 ] 


[kms -1 ] 


[M ] 


[A] 


[A] 


A17300 


1.4235 


2.9 


5.3 


0.64 


11.26 ± 0.1 


375 


265 ± 7 


312 ± 8 


11.36 ± 0.05 


4.0 ± 0.2 


2.0 ± 0.1 


A21129 


1.5839 


1.5 


5.0 


0.50 


11.18 ± 0.1 


459 


260 ± 9 


319 ± 12 


11.12 ± 0.05 


2.9 ± 0.2 


1.7 ± 0.1 


C13412^ 


1.2395 


4.2 


6.0 


0.62 


11.09 ± 0.1 


274 


116 ± 8 


133 ± 9 


10.72 ± 0.06 


3.3 ± 0.3 


-12.7 ± 0.4 


C22260 


1.2399 


9.3 


4.1 


0.63 


11.68 ± 0.1 


292 


249 ± 16 


271 ± 17 


11.86 ± 0.06 


3.3 ± 0.5 


-42.4 ± 0.7 


C21434 


1.5223 


1.9 


3.1 


0.65 


11.20 ± 0.1 


337 


218 ± 16 


264 ± 20 


11.24 ± 0.06 


3.6 ± 0.2 


-4.4 ±0.3 


C20866 


1.5222 


2.4 


3.0 


0.67 


11.30 ± 0.1 


329 


272 ± 23 


324 ± 27 


11.54 ± 0.07 


1.3 ± 0.6 


5.2 ± 0.6 


£753937 


1.6210 


0.8 


3.6 


0.75 


10.77 ± 0.1 


335 


231 ± 19 


296 ± 24 


10.92 ± 0.07 


2.0 ± 0.2 


-2.2 ± 0.3 


J755531 


1.4848 


11.2 


4.9 


0.72 


11.57 ± 0.1 


261 


257 ± 24 


277 ± 26 


11.87 ± 0.07 


3.7 ± 0.3 


-12.5 ± 0.3 



a Morphology measured from ACS imaging 




Fig. 3. — (a) Inferred versus measured velocity dispersions for z ~ 1.5 sample (colored points) and massive galaxy sample in the SDSS 
(greyscale). LRIS sample are circles (WFC3-nlled, ACS-open) and X-Shooter sample (van de Sande, in prep) are triangles. As in Fig. [TJ 
color-coding is based on rest-frame color derived quiescence. The high redshift galaxies have very high dispersions, coinciding with the 
tail of the SDSS distribution. Inferred dispersion appears to be a reasonable predictor of intrinsic velocity dispersion, even at the highest 
dispersions, (b) Dynamical versus stellar mass for high and low redshift galaxies. 
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effects. In all cases, we verify that the galaxies in this 
sample are dynamically massive. 



3.2. Using B aimer Line Strengths to Identify Recently 
Quenched Galaxies 

We find that the galaxies exhibit a large range in 
Balmer line strengths, with H10 ranging from 1.3 — 
4.0 A (He) a = —4.8 — 7.6 A). The immediate implication 
is that they have a large range in ages and/or a recent 
burst contribution. Furthermore, the median Balmer line 
strength is quite high at H10 = 3.3A(H£ A = 5.4 A). 
This is a remarkable result given the high dispersions of 
the galaxies. Fig. [4^ shows the relation between Balmer 
line strength and velocity dispersion for SDSS galaxies 
(grey) and our data (colored). The Balmer lines at 
z ~ 1.5 are dramatically stronger, and show a much 
larger range, than at z = 0. This is arguably the most 
direct evidence yet for rapid quenching of massive galax- 
ies at z ~ 1.5, as the quantities on both axes are di- 
rectly measured and complet ely independent from pho- 
tometric data. We note that lLe Borgne et al.l ([2006) also 
showed a strongly increasing fraction of galaxies with 
strong Balmer lines out to z ~ 1.2, although their sam- 
ple had lower photometric masses (log M > 10.2) and 
lacked velocity dispersion measurements. 

In Fig. [4)3 we interpret the Balmer lines in the con- 
text of the stellar population synthesis (SPS) models of 
Bruzual & Chariot (2003). The distribution of Balmer 
line strengths is indicated in the bottom panel and can 
be interpreted in terms of ages using the top panel. 
The observed range in line strenghts implies luminosity- 
weighted ages ranging from several hundred Myrs to 
maximally old stellar populations, with a median of 
~ 1 Gyr. 

An obvious question is whether we could have drawn 
the same conclusions from photometric data. Fig. 0t 
compares the Balmer line strengths and rest-frame U — V 
colors for the galaxies in this sample and to SPS mod- 
els. The models are BC03 single population tracks for 
three different metallicities (grey) and double-burst mod- 
els (green and orange dot-dashed) in which 10% and 1% 
of the galaxy's mass is formed in a secondary burst 4 Gyr 
after the original episode of star-formation. Although the 
range in colors of this sample of galaxies implies a similar 
range in ages as the Balmer lines do, the data do not fol- 
low the model predictions. Specifically, the data show no 
anti-correlation between color and Balmer line strength, 
as would be expected. Some of the bluest galaxies have 
weak Balmer lines, and some of the reddest have strong 
Balmer lines. 

A possible explanation is that the colors are affected 
by dust reddening, and Fig. 0t illustrates the impor- 
tance of independent measures of age. To compare the 
intrinsic distribution of col ors /ages, one could design 
"dust-corrected" colors (e.g. iBrammer et aT1l2009[ ), how- 
ever these depend strongly on SED modeling and well- 
determined dust estimates. We also note that the sample 
of 13 is barely adequate for this particular test; larger, 
unbiased samples may show the expected correlation be- 
tween Balmer lines and colors, as strongly suggested by 



the complete samples of Whitaker et al. (2012). 

4. DISCUSSION AND CONCLUSIONS 

We have identified a population of galaxies at z ~ 
1.5 with high velocity dispersions and strong Balmer 
absorption lines. These results confirm that by z ~ 
1.5 the population of massive galaxies is much less 
uniform than it is locally: instead of being red, 
dead ellipticals, many have experien ced recent star- 
formation within ~ 1 Gyr (see also iLe Borgne et al. 
2006; Ivan Dokkum & Brammer 2010; van Dokkum et al. 
120111 : 1 Whitaker et al.ll2012h . A direct implication is that 
< 1 Gyr earlier, at z ~ 2, there must exist highly star- 
forming progenitor galaxies with similarly high velocity 
dispersions. Such galaxies have yet to be identified, and 
the fact that some of the youngest galaxies in our sample 
are also the reddest suggests that these progenitors may 
have a very high dust content. 

The results are also consistent with our study of the 
velocity disp ersion function of qu iescent and star form- 
ing galaxies (Bez anson et al. 2012), as we concluded that 
quenching must occur efficiently for galaxies with high 
velocity dispersions. This conclusion was based on the 
rapid build-up of the VDF of quenched galaxies and the 
stability of the star- forming VDF since z ~ 1.5. The dis- 
covery of this population of young, high-dispersion galax- 
ies is strong evidence in favor of this model. 

In addition to having different stellar populations at 
z > 1.5, a flurry of studies in the last decade have un- 
covered the dramatic size evolution that massive galax- 
ies have undergone in the last 10 billion years (e.g . 
iDaddi et al l [20051: [TVulillo et al.l [20061: iToft et al.l [20071 : 
iZirm et al.l 120071 : Ivan Dokkum et al.l I2008D . The tem- 
poral correlation between the structural evolution and 
recently quenched stars presents a tempting connection 
between the events which halt star-formation in massive 
galaxies and at the same time ca use them to be c o mpact 
relative to their local analogs. Whitake r et al.l {2012) 
found there to be no correlation between color of quies- 
cent galaxies and their sizes, however it would be inter- 
esting to investigate the size evolution based on a larger, 
more representative sample of spectroscopic data to es- 
timate galaxy ages. 

We note that the selection and observational biases 
may influence the distribution of galaxies in this sam- 
ple. In this context our study is complimentary to 
Whitake r et al.l ((2012), which is mass complete for galax- 
ies in the NMBS but relies solely on SEDs to estimate 
photometric redshifts, stellar masses and rest-frame col- 
ors to derive galaxy ages. However, we note that while 
qualitatively the results are similar, we find a puzzling 
lack of (anti-) correlation between color and Balmer line 
strength: neither the star-forming galaxies nor the bluest 
quiescent galaxies in our sample necessarily have the 
strongest Balmer lines. 

As is often the case, larger samples are needed to 
explore these issues. With increasingly powerful mul- 
tiplexed spectroscopic instruments and excellent space- 
based imaging we can construct large samples of galax- 
ies at this pivotal epoch and simultaneously study the 
structural properties and stellar populations of all types 
of dynamically massive galaxies. 
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Fig. 4. — foj Balmer EWs versus velocity dispersion for massive galaxies. The majority of galaxies in this sample have the highest 
velocity dispersions known at any redshift. Unlike the uniformly old, dead stellar populations in comparable galaxies at z ~ 0, many of 
these galaxies have strong Balmer lines, implying recent quenching.^ Top: Age versus H^a for BC03 SSP templates of varied metallicity. 
Bottom: H^a distribution from high-dispersion (logcr > 2.4) galaxies in the SDSS (grey) and z ~ 1.5 distribution (purple) with individual 
galaxies included as gaussians of width equal to their measurement errors. In striking contrast with local high-dispersion galaxies, which 
have uniformly weak Balmer lines and old luminosity- weighted ages, this sample exhibits a broad distribution of EWs including many with 
strong Balmer lines and young ages, (c) Balmer EWs versus rest-frame U-V colors relative to BC03 SSP (grey) and double-burst (green 
and orange) models. Even though the colors and Balmer lines suggest a similar range in ages for the galaxies in this sample, the galaxies 
do not follow the simple model tracks which suggests the importance of dust or secondary bursts of star formation in these systems. 
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